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S T U D I O R U M  P R O G R E S S U S  

Bra in  H o r m o n e  Conta ined  in the  S i l k w o r m  B o d y  of  Bombyx mori 

Introduction. Since K o p z d  ~ f i rs t  sugges t ed  t he  endo-  
crine f u n c t i o n  of t he  insec t  b ra in  in the  g y p s y  m o t h ,  
Lymantria dispar, and  WIGGL]ESWORTH 2 d e m o n s t r a t e d  
t he  in i t i a t ion  of m o u l t i n g  b y  a h o r m o n a l  fac tor  or ig ina t -  
ing  in t h e  dorsa l  region of t he  p r o t o c e r e b r u m  in the  bug,  
Rhodnius prolixus, t h e  cri t ical  role of the  cerebral  neuro-  
sec re to ry  s y s t e m  in m o u l t i n g  ha s  been  c o n s i s t e n t l y  veri-  
fied. T h e  tho raco t rop i c  ac t ion  of t he  b ra in  h o r m o n e  (BH) 
was  c lear ly  d e m o n s t r a t e d  b y  WILLIAMS ~'4 in a g i a n t  
s i l kmoth ,  Hyalophora cecropia. Since then ,  t he  B H  was  
called t h o r a c o t r o p h i c  h o r m o n e  or ecdys io t rop in .  

A l t h o u g h  the  b ra in  h o r m o n e  still  res is ts  be ing  isolated,  
because  of diff icul t ies  in o b t a i n i n g  a large a m o u n t  of t he  
s t a r t i n g  m a te r i a l s  and  in deve lop ing  a h a n d y  b ioassay ,  it  
is t h o u g h t  to  be a p ro te in  or po lypep t ide  h o r m o n e  5-9 in 
acco rdance  wi th  w h a t  is k n o w n  of n e u r o s e c r e t o r y  hor -  
m o n e  in o th e r  an imals .  

M a n y  i m p l a n t a t i o n  a n d  e x t i r p a t i o n  e x p e r i m e n t s  or 
h is to logical  obse rva t ions  h a v e  d e m o n s t r a t e d  t h a t  the  
ecdys io t rop in  is v igo rous ly  p roduced  in t he  cerebral  
neu ro sec r e to ry  cells t h r o u g h o u t  t he  en t i re  ac t ive  life 
cycle ev en  af te r  the  thorac ic  g l ands  h a v e  degenera ted .  
ISHIZAKI 1~ was  the  on ly  m a n  who  checked  t he  b ra in  
h o r m o n e  t i t e r  chemical ly .  He  e x t r a c t e d  a n d  pa r t i a l l y  
pur i f ied  B H  con ta ined  in t he  brain ,  h e a d  a n d  t h o r a x -  
a b d o m e n  of s i lkworms  and  d e t e r m i n e d  t he  h o r m o n e  
t i te r  b y  in jec t ion  of the  e x t r a c t s  in to  deb ra ined  p u p a e  of 
Samia. B H  t i t e r s  in t he  b ra in  and  head  of b o t h  sexes  
m a i n t a i n e d  s imi la r ly  low a c t i v i t y  in deve lop ing  adu l t s  a nd  
t h e n  m a r k e d l y  increased  s h o r t l y  before a d u l t  emergence ;  
th i s  h ig h  a c t i v i t y  las ted  t h r o u g h o u t  adu l t  life. Moreover,  
a s t r ik ing  a c c u m u l a t i o n  of B H  was  found  in the  b o d y  of 
deve lop ing  female  adu l t s  and  of newly  emerged  m o t h s  of 
some  races  b u t  no t  in t h a t  of ma les  of a n y  race. 

The  fol lowing ques t i ons  arose : 1. Is  B H  p r o d u c e d  in the  
neu ro sec r e to ry  cells no t  l ibera ted  into t he  blood af te r  
degene ra t ion  of t he  p ro tho rac i c  g land  ? 2. W h e n  is the  
B H  fo u n d  in the  bodies  of deve lop ing  female  adu l t s  a nd  

Table I. BH titer in the head and thorax-abdomen of 3 different 
races 

Samia unit/individual a 

Stage b Race ,' Head Thorax-abdomen 

d ? d 

Pupa young 1 252 36 891 73 
2 252 36 1227 772 
3 252 288 996 214 

Pupa aged 1 252 72 786 69 
2 -- 72 -- 175 
3 63 90 306 28 

Adultvirgin 1 158 245 721 0 
2 40 32 1121 0 
3 288 90 548 0 

Adultmated 1 1.13 360 159 0 
2 242 147 -- 0 
3 235 245 101 0 

~For each experiment, 30 52 specimens (maiifly 50) were employed. 
b See text. ~ 1. Japanese original race, Gmlka. 2. Chinese original race, 
H6shun. 3. H6shun X Gunka. aAmount of BH obtained is expressed 
on an individual basis. 

m o t h s  a c c u m u l a t e d  ? A n d  w h a t  is t he  m e a n i n g  of B H  
a c c u m u l a t i o n  w h e n  B H  as an  ecdys io t rop in  is a p p a r e n t l y  
no longer  ne c e s sa ry  ? 3. Is  the re  a n y  def in i te  d i f ference of 
B H  t i t e r  a m o n g  t h e  races  ? 

The  p r e s e n t  pa pe r  dea ls  w i th  t he  c o m p a r i s o n  of B H  
t i te rs  c on t a ine d  in the  he a d  a n d  t h o r a x - a b d o m e n  of b o t h  
sexes  of 3 races  of s i l kworms  du r ing  a nd  pos t  i m a g i n a l  
d i f f e ren t i a t ion  a nd  also w i th  t he  effect  of de b ra in ing  and  
c a s t r a t i o n  on t he  B H  t i t e r  in the  body .  

Materials and methods. Silkworm,  Bombyx mori, was 
used  as t he  source  of BH .  

For  e x p e r i m e n t  on t he  racial  a nd  sexua l  d i f ferences  of 
B H  ti ter,  s i lkworms  f rom 3 r e p r e s e n t a t i v e  races  of G u n k a  
( J apanese  or iginal  s t ra in) ,  H 6 s h u n  (Chinese or iginal  s t ra in)  
a nd  a racial  h y b r i d  be tw e e n  H 6 s h u n  a n d  G u n k a  were 
p icked a n d  reared  on f resh  m u l b e r r y  leaves  d u r i n g  t he  
whole  la rva l  life (by c o u r t e s y  of Gunze  & Co., Ltd . ) .  
Males a nd  females  of each  races were d iv ided  in to  4 s t ages  ; 
P l  = p u p a  on t he  onse t  of ima g ina l  d i f f e ren t i a t ion  (2-3 
da ys  a f te r  p u p a t i o n  a t  25~ P2 = deve lop ing  a d u l t  
(6-7 da ys  a f te r  p u p a t i o n ,  whole  p u p a l  per iod was  9 days) ,  
AV = v i rg in  a d u l t  w i t h i n  12 h af ter  emergence ,  a nd  AM 
= a d u l t  a f te r  m a t i n g  for 1 day.  

All spe c ime ns  were f i rs t  frozen, h a v i n g  h a d  r e m o v e d  
a n t e n n a e ,  legs a n d  wings  (P2, AV, AM), a n d  h e a d  was  
s e p a r a t e d  f rom the  t h o r a x - a b d o m e n  w i t h  a sha rp  razor  
blade.  W e  did no t  check  the  B H  t i t e r  in t he  b ra in  because  
1. th i s  o rgan  is so sma l l  t h a t  t e chn ica l  errors  du r ing  
e x t r a c t i o n  a nd  pur i f i ca t ion  would  be u n a v o i d a b l e  a n d  
2. t he re  was  found  no  le tha l  difference of B H  t i te r  be- 
tween  in the  b ra in  a n d  he a d  in ISHIZAKI'S e x p e r i m e n t  1~ 

For  e x p e r i m e n t s  on r e m o v a l  of the  b ra in  a n d  cas t ra t ion ,  
a h y b r i d  of Shinki  a nd  Ry6h6 ,  K C - K N  (by c ou r t e sy  of 
Shinei  & Co., Ltd.)  was  reared  on a n  art i f icial  d ie t  d u r i n g  
its whole la rva l  life. W i t h i n  12 h a f te r  emergence ,  all 
virgin a du l t s  were frozen.  Only  the i r  t h o r a x - a b d o m e n s  
were used to d e t e r m i n e  the  B H  ti ter.  

Operation procedure. R e m o v a l  of the  b ra in  or the  sub-  
oesophagea l  gang l ion  was  pe r fo rmed  w i th in  4-20 h a f te r  
p u p a t i o n  u n d e r  a n e s t h e s i a  by  chi l l ing a nd  tile w o u n d  was  
coa ted  w i t h  me l t e d  paraf f in .  

Cas t r a t i on  was  p e r f o r m e d  on the  3rd d a y  of the  4 th  
in s t a r  l a rva  w i t h o u t  a n e s t h e s i a  a nd  the  w o u n d  was  left  
i n t a c t  a f t e r  the  'b lood '  ha d  been wiped off. 

S h a m  ope ra t i ons  on t he  cont ro ls  were done,  m a k i n g  
co r r e spond ing  w o u n d s  w i t h o u t  r e m o v i n g  t he  organs .  

Extraction o /BH.  T h e  e x t r a c t i on  p rocedure  was repor t -  
ed in t he  p rev ious  p a p e r  9. Ace tone  dr ied  powder  of each  
m a t e r i a l  was  e x t r a c t e d  w i th  20 t ime s  t h e  v o l u m e  of 2% 
SAC1, a n d  the  s u p e r n a t a n t  a f te r  h e a t  t r e a t m e n t  (90~ 
3 rain) was  e m p l o y e d  as a B H  p repa ra t ion .  

Bioassay o/ BH. Samia t e s t  was  p e r f o r m e d  to de te r -  
m ine  t he  h o r m o n e  t i te r  9. E a c h  5-10 p u p a e  of Sarnia cynthia- 
ricini af te r  the  r e m o v a l  of the i r  b ra ins  received 40 ~zl of 
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10 H. ISnlZAKI, Devel. Growth Different. 11, 1 (1969}. 
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the  tes t  solution. Bra in  ho rmone  t i t e r  was measured  by  
assaying a series of 2-4 fold di luted solut ions of the  pre- 
para t ion .  Bioassays  were pe r fo rmed  as double  tes t s  wi th  
d i f ferent  tes t  animals  reared a t  d i f ferent  t imes.  

Results. 7. Racial and sexual diHerences of B H  titer. As 
has  been po in ted  out  by  ISHIZAKI 1~ racial and sexual  
differences of the  33H t i t e r  were observed.  Table  I gives 
the  B H  t i te r  among  3 races and  sexes dur ing  and pos t  
imaginal  different ia t ion.  

General ly  speaking, the  B H  t i te r  in the  female head  
was  h ighes t  in the  P1 stage, the rea f t e r  i t  decreased 
t h rough  the  AV stage. A sl ight  increase was again 
observed af ter  ma t ing  (AM). The a m o u n t  of B H  de tec ted  
in the  male head  was less t h a n  t h a t  in the  female head.  
The B H  act iv i ty ,  however ,  marked ly  increased in the  
adul t  male head  af ter  mat ing.  These resul ts  were di f ferent  
f rom ISHIZAKI'S in the  a m o u n t  of B H  - our Samia  un i t /  
individual  was much  h igher  t h a n  his - as well as the  
stage which  showed the  m a x i m u m  level of hormone  
ac t iv i ty  - ours was P1, his AV, 

The B H  t i te r  in the  t h o r a x - a b d o m e n  of females  was 
also h ighes t  in the  P l  stage, regardless of race. This 
resul t  also differs f rom ISHIZAKI'S in which the  h ighes t  
t i t e r  of B H  was found in the  newly  emerged  adult .  The 

B H  t i te r  of the  t h o r a x - a b d o m e n  was 3-5 t imes  higher  
t h a n  t h a t  of t he  head  of the  cor responding  stages. 
Thereaf ter ,  i t  gradual ly  decreased t h rough  the  AV stage 
and  marked ly  d iminished  af ter  mat ing.  Al though  ISHIZAKI 
could no t  de tec t  any  s ignif icant  ac t iv i ty  of B H  in the  
male  t h o r a x - a b d o m e n  t h r o u g h o u t  larval  to  adul t  stages, 
t he  p resen t  resul t  indicates  t h a t  male pupae  of all 3 races 
con ta ined  a considerable  a m o u n t  of B H  in the i r  tho rax-  
a b d o m e n  even if the  t i t e r  was 1/a of t h a t  of the  female. 
The  B H  ac t iv i ty  was no t  de tec ted  af ter  emergence.  

The average value of B H  conta ined  in t h e  whole body  
indicates  t h a t  the  h ighes t  ac t iv i ty  was in the  young pupa  
(Pl)  of b o t h  sexes. However ,  females had  3 t imes  as much  
ho rmone  as males. Thereaf ter ,  B H  ac t iv i ty  decreased by  
stages. In  females  af ter  ma t ing  (AM), the  B H  t i te r  was 
to  1/4 of t h a t  of young pupae.  In  the  case of males, the  
t e n d e n c y  of B H  t i te r  decrease was the  same as t h a t  of 
females bu t  B H  t i t e r  increased again af ter  mat ing.  The 
value for the  whole b o d y  of adul t  males was the  same as 
t he  BI-I of the  head  port ion,  because no BH was found in 
the  t ho rax -abdomen .  

2. B H  tiler alter removal of the brain. I f  the  B H  found in 
the  head  is regarded  as the  B H  con ta ined  in the  brain,  

Table II, BH titer in the adult thorax-abdomen of debrained and 
castrated silkworms 

Sex Operation No. of Samia unit 
procedure ~ specimens per individualb 

-Br. 104 314 
-SG 96 315 
Shanl 96 287 

~) -Br. 77 0 
-SG 117 0 
Sham 98 0 
-Ovaries 56 1048 
Sham 56 312 
-Testes 51 0 

o Sham 52 0 

-Br. or -SG: Brain or suboesophageal ganglion was removed within 
20 h after pupatin. Castration was performed on the 3rd day of 
4th instar larva, bAmount of BH obtained is expressed on an in- 
dividual basis. 

the  neurosecre tory  cells of the  b ra in  seemed to be laden 
wi th  secret ion of t he  B H  cons t an t l y  as was observed  in 
t he  previous  exper iment .  We  assumed,  however ,  t h a t  t he  
l iberat ion of B H  f rom the  bra in  is ano the r  ma t t e r .  W h e n  
is the  B H  released f rom the  bra in  and  s tored in the  pupa l  
and  adul t  t h o r a x - a b d o m e n  ? Is the  suboesophageal  gan-  
glion (SG) involved in th is  m a t t e r  ? To answer  these  
quest ions,  the  bra in  (-Br) or the  suboesophageal  ganglion 
(-SG) was r emoved  f rom the  p u p a  wi th in  4-20 h af ter  
pupa t ion .  Then  the  t h o r a x - a b d o m e n  was examined  for 
the  BH t i te r  wi th in  12 h af ter  emergence.  The exper imen t  
was r epea ted  twice in di f ferent  seasons. Table I I  shows 
the  sum of b o t h  results  because of no difference of value 
be tween  the  two exper iments .  

As seen in Table  II ,  af ter  r emova l  of e i ther  brain  or 
suboesophageal  ganglion, the  B H  t i te r  in t he  thorax-  
a b d o m e n  of the  female adul t  showed exac t ly  the  same 
value as t h a t  found in the  wound-6n ly  s h a m  control .  I n  
the  case of males,  ne i the r  -Br  nor  -SG showed any  B H  
ac t iv i ty  like t h a t  of t he  control .  These facts  suggest  t h a t  
B H  is excessively released f rom the  bra in  in to  the  body  
before or shor t ly  af ter  t he  p u p a t i o n  and  the  pupa l  b ra in  
is only  laden wi th  B H  (see Table I) w i t h o u t  mechan ism 
required for l iberat ion of the  hormone .  The suboesophageal  
ganglion was  no t  involved in e i ther  B H  accumula t ion  in 
t he  body  or consumpt ion  of B H  of t h e  body.  

Note  here t h a t  the  Samia uni t  per  indiv idual  female in 
Table  I I  was  only  abou t  1/2 (compared wi th  race 3) or 
1/4 (compared wi th  race 2) of t h a t  in the  same AV stage 
of Table  I. Generally,  s i lkworms reared  on artificial  diets 
differ f rom those  reared on fresh leaves in physiological  
and ho rmona l  condit ions.  A mark ed  reduc t ion  of B H  
t i te r  was assumed to  have  resul ted f rom the  rear ing on an 
artificial  diet.  The same p h e n o m e n o n  was also observed 
in the  case of the  cas t ra t ion  s h a m  control .  

In  mos t  races of Bombyx, the  cri t ical  per iod of B H  
secret ion for imaginal  d e v e l o p m e n t  is in the  prepupal  
period.  According to  KOBAYASH111, however ,  appearance  
of a h igh ra t io  of d o r m a n t  pupa  of Bombyx mori following 
removal  of t he  bra in  shor t ly  af ter  p u p a t i o n  was only 
expec ted  in special  races, such as a racial  h y b r i d  of Japa-  
nese No. 122 and  Chinese No. 115. In  the  p resen t  exper-  
iment ,  the  race used was no t  a special  one;  moreover  
removal  of the  bra in  was pe r fo rmed  wi th in  4-20 h after  
pupa t ion ,  when  m a n y  hours  h a d  passed  b ey o n d  the  cri t-  
ical per iod of BH for emergence.  Never theless ,  the  so- 
called <~dauer pupa~ appeared  in 4 females ou t  of 100 
which  had  been  opera ted  on and 30 males ou t  of 97, 40 
days  pos t  opera t ion.  The d iapaus ing  s t a te  con t inued  in 
28 male pupae  over  4 months ,  and  in 9 over  7 months .  
On the  o ther  hand ,  all specimens of sham-ope ra t ed  pupae  
emerged  wi th in  2 weeks (mainly 10 days) wi thou t  
except ion.  This  fact  also suggests  t he  di f ferent  hormona l  
condi t ions  of worms  reared on art if icial  diet  f rom those 
reared  on fresl~ leaves. 

3. B H  titer a/ter castration. Since the  a m o u n t s  of B H  
de tec ted  in the  pupa l  and adul t  bodies  were marked ly  
di f ferent  be tween  females and  males,  the  possibi l i ty  t h a t  
the  gonad m i g h t  be involved was invest igated.  The 
cas t ra t ion  opera t ion  was done on the  3rd day  of the  4th 
ins ta r  larva and  the  B H  t i te r  of each sex was  measured  
only  wi th  the  t h o r a x - a b d o m e n  of t he  newly  emerged 
moth .  Opera t ion  and bioassay were repea ted  twice and 
no difference be tween  the  two was found.  

As indica ted  in Table  II ,  ca s t r a t ed  female adul t s  showed 
ho rmone  t i ters  3 t imes  higher  t h a n  those  of t h e  sham 
control  females,  a l though  no th ing  was  found in the  bodies 

n M. KOBA'ZASm, J. sericult. Sci., Jap. 2d, 389 (1955). 
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of b o t h  cas t r a t ed  and  non-cas t r a t ed  male  adults .  These 
facts  indicate  t h a t  p a r t  of the  B H  accumula ted  in the  
female pupa l  b o d y  m a y  be consumed for egg m a t u r a t i o n  
and /o r  yolk deposi t ion.  

Discussion. General ly  speaking,  the  a m o u n t  of B H  we 
ob ta ined  was m u c h  h igher  t h a n  ISHIZAKI'S 1~ Besides his  
races employed  were di f ferent  f rom ours, and he dialyzed 
the  B H  prepara t ions .  As near ly  ~/3 of the  act ive f ract ions  of 
B H  would escape f rom the  cellulose t u b i n g  after  dialyza- 
tiong, we did no t  dialyze our B H  prepara t ions .  These are 
some reasons w h y  our B H  t i te r  was general ly m u c h  h igher  
t h a n  his. 

The p resen t  expe r imen t s  showed t h a t  the  a m o u n t  of 
B H  in the  t h o r a x - a b d o m e n  was h ighes t  in the  young pu-  
pae  regardless of races. Thereaf te r  it  g radual ly  decreased 
t h rough  the  newly  emerged  adul t  s tage and  markedIy  
d imin ished  af ter  mat ing.  On the  o the r  hand ,  according 
to ISHIZAK110 the  s t r iking increase of B H  q u a n t i t y  appears  
only  in the  females  t h o r a x - a b d o m e n  dur ing  adul t  develop- 
m e n t  and  reached  a m a x i m u m  level a t  the  t ime of adu l t  
emergence.  Al though  our s i lkworms were of d i f ferent  
races f rom his, i t  seems unlikely t h a t  l ibera t ion of B H  
f rom the  bra in  into the  body  cont inues  dur ing  the  pupa l  
period.  I t  is qui te  probable  t h a t  shor t ly  af ter  t he  pupa-  
t ion,  l iberat ion of b o t h  B H  and  ecdysonel~ f rom the  en- 
docrine organs reach  a max in lum level, and thereaf ter ,  
p ro thorac ic  glands degenera te  and the  bra in  main ta ins  its 
secre tory  ac t iv i ty  in the  neurosecre tory  cells w i t h o u t  
l iberat ion of BH unt i l  emergence.  This hypo thes i s  is also 
suppor t ed  by the  result  of the  debra in ing  expe r imen t  in 
which  the  B H  t i te r  of m o t h s  newly emerged  f rom the  
debra ined  pupae  was exac t ly  the  same as the  normal  
control .  

Neurohormone  f rom the  brain  appears  d i rec t ly  or 
indi rec t ly  to control  the  egg m a t u r a t i o n  in some insects  xa. 
This is also suppor t ed  by  the  p resen t  cas t ra t ion  experi-  
m e n t  in which  the  large a m o u n t  of B H  accumula t ing  in 
the  young female pupal  body  was consumed by  the  egg 
m a t u r a t i o n  and/or  yolk deposi t ion processes. 

Male pupae  had  a considerable  a m o u n t  of BH in the i r  
bodies even if the  l i t e r  was ~/a of the  female one and act iv-  
i ty  of BH disappeared  at  the  t ime of emergence.  This  
fact  m a y  suggest  t h a t  some B H  is consumed dur ing the  
adul t  deve lopmen t  of bo th  males and females.  

The hormone(s)  secreted in the  neurosecre to ry  cells of 

t h e  bra in  is said to  have  a mul t ip l ic i ty  of effects, such as 
moul t  inhibi t ing ~4, t an n i n g  15, and  melanot rop ic  ~ effects, 
besides p ro tho raco t roph ic  and  gonadot rop ic  ones. 
However ,  w h e t h e r  t he  so-called 'Bra in  H o rmo n e '  is a 
h o rmo n e  hav ing  var ious  h o rmo n a l  actions, or is a 
h o rmo n e  complex,  remains  unanswered .  At  present ,  i t  
seems ha rd ly  possible make  any  defini te  conclusions 
because  no h o rmo n e  has ye t  been  isolated.  The facts  t h a t  
the  brains  of developing adul t s  secrete  (or a t  least  reserve) 
a ho rmone  hav ing  ecdysio t ropic  act ion af ter  the  pro-  
thorac ic  glands have  degenera ted  and a ho rmone  hav ing  
the  same ecdysiot ropic  ac t iv i ty  is l ibera ted  into and ac- 
cumula ted  in the  body  before or jus t  af ter  pupa t ion  and  
consumed  dur ing  egg d e v e l o p m e n t  and  copulat ion,  sug- 
gest  t h a t  B H  at  least  as t he  t ho raco t roph ic  h o rmo n e  has 
diversif ied actions.  

In  adul t  lepidoptera ,  juveni le  h o rmo n e  ac t iv i ty  is 
h igher  in the  male body  x7 and  ecdysone  ac t iv i ty  12 as 
B H  is h igher  in the  female body ;  these  hormones  have  no 
a p p a r e n t  h o rmo n a l  roles in t he  adul t  stage. At  present ,  
we can only suggest,  w i t h o u t  clear proof,  w h a t  is ac tual ly  
happen ing  wi th in  the  insect  body.  

Summary. The p resen t  r epor t  is concerned  wi th  the  
compar i son  of the  bra in  h o rmo n e  t i te rs  con ta ined  in the  
head  and t h o r a x - a b d o m e n  of b o t h  sexes of 3 races of 
si lkworms, Bombyx mori dur ing  and pos t  imaginal  
d i f ferent ia t ion  and also wi th  the  effects of debra in ing  and  
cas t ra t ion  on the  bra in  h o rmo n e  l i t e r  in the  body.  
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P R O  E X P E R I M E N T I S  

A Bipo lar  S t i m u l a t i o n  E lec trode  for in v i tro  S t i m u l a t i o n  of S m a l l  P i ece s  of Elec tr ic  O r g a n  of 
Torpedo marmorata 

An increasing n u m b e r  of biological s tudies  require 
qua l i t a t ive  and quan t i t a t i ve  measu remen t s  of changes  of 
vesicles in cholinergic synapses  of Torpedo marmorata 
with  reference to the i r  dens i ty  and d iamete r  under  the  
inf luence of drugs. To find out  whe the r  the  n u m b e r  and  
size of vesicles in s t imula ted  and uns t imu la t ed  organs  
differ, the  main  nerves  of the  electric lobe were s t imula ted  

Fig. 1. Photograph of the electrode. X 0.5 

w i th  repea ted  t ra ins  (DUNANT 1, •AEF2). As it is no t  
possible to app ly  the  drugs in to  t he  b lood-c i rcula tory  
sys tem,  t h e y  were poured  d i rec t ly  into the  electric organ. 
This  m e t h o d  needs  a large a m o u n t  of drug solut ion and 
it canno t  be assumed wi th  ce r t a in ty  t h a t  the  organ is 
t h rough ly  soaked wi th  it. 

I n  th is  shor t  communica t ion ,  an electrode sys t em for 
d i rect  s t imula t ion  and signal de tec t ion  is described.  W i t h  
this  system,  i t  is possible to s t imula te  in v i t ro  small  
(4 m m  3) as well as bigger (1 cm a) pieces of electric organ 
of Torpedo marmorata (Figure 1). 
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